Abstract: Cloud forests are unusual and fragile habitats, being one of the least studied and least understood ecosystems. The tropical Andean dominion is considered one of the most significant places in the world as regards biological diversity, with a very high level of endemism. The biodiversity was analysed in an isolated remnant area of a tropical montane cloud forest known as the "Bosque de Neblina de Cuyas", in the North of the Peruvian Andean range. Composition, structure and dead wood were measured or estimated. The values obtained were compared with other cloud forests. The study revealed a high level of forest biodiversity, although the level of biodiversity differs from one area to another: in the inner areas, where human pressure is almost inexistent, the biodiversity values increase. The high species richness and the low dominance among species bear testimony to this montane cloud forest as a real enclave of biodiversity.
Introduction
Tropical Montane Cloud Forests (TMCF) have been identified as one of the most biologically diverse ecosystems in the world (Gentry 1992; Hamilton et al. 1994) , displaying a high level of species endemism (Luna-Vega et al. 2001) . TMCF is recognized as a biodiversity hotspot (Myers et al. 2000) . Local endemism in South American cloud forests ranges from 10-24%, suggesting that unique evolutionary processes may operate in these areas (Gentry 1992) . In Peru the greatest numbers of endemic species are found on the slopes of the Andes between 2,500 and 3,000 m ( Van der Werff and Consiglio 2004) .
The term Montane Cloud Forest has been widely used since the Puerto Rico Symposium (1993) and the Montane Cloud Forest Initiative formed in 1999 [a partnership comprising the United Nations Environment Progamme (UNEP), the UNEP World Conservation Monitoring Center (WCMC), the International Union for Conservation of Nature (IUCN) , and the United Nations Educational, Scientific and Cultural Organization (UNESCO)]. Earlier research and habitat descriptions for TMCF were provided by Grubb et al. (1963) , Stadtmüller (1987) and Hamilton (1995) . Cloud forests are characterized by the presence of persistent or frequent fog or wind-driven cloud (Stadmuller 1987; Bruijnzeel and Veneklaas 1998) . The net precipitation is significantly enhanced by direct canopy interception of cloud water (Cavelier et al. 1997) . The hydrological cycle is vital to the continuity of plant and animal species living within the forest (Foster 2001; Gomez-Peralta et al. 2008) . Many TMCF habitats represent the last remnants of native vegetation on tropical mountains (Hamilton 1995 , Bubb et al. 2004 . It is important to develop a worldwide inventory, to support and conduct further studies and to establish monitoring programs (Hamilton et al. 1994) .
Andean forests have one of the highest rates of species disappearance (Churchill et al. 1995; Gentry 1992 ) with up to 90% of TMCF species having been lost in some northern Andean cloud forest habitats (Hamilton 1995) . Land-use changes in areas of cloud forest affect ecosystem functions irreversibly (Ledo et al. 2009; Hamilton et al. 1994) . Activities such as the conversion of forested land to agricultural land, fuel-extraction (Sarmiento 1993) or illegal logging (Aubad et al. 2008) , has caused the disappearance and fragmentation of TMCF (Young and León 1993) .
Three key components of biodiversity can be recognized in forest ecosystems (Schulze and Mooney 1994) : composition, structure and function which can be expressed as indicators relating to structure and composition of the forest. However, some structural indicators may be functional indicators such as dead wood, which is important to nutrient recycling and provides habitat for numerous plants, animals and fungi (Ferris and Humphrey 1999; Hunter 1990 ).
The objective of this study was to further our knowledge of the biodiversity (focusing mainly on composition, structure and dead wood) in TMCF. We attempt to provide baseline data on TMCF habitat components in a remnant cloud forest fragment known as "Bosque de Neblina de Cuyas", located in the Western Andean Cordillera in North Peru. This site is of particular relevance, being the last area of well-preserved forest in the Western Cordillera in North Peru. The ecological information recorded in this study will also be useful to develop local education and conservation programs (Foster 2001; Hamilton 1995; Oosterhoorn and Kappelle 2000) .
Material and Methods

Study site
The study site was located in the Bosque de Neblina de Cuyas, situated on Cerro Chacas, in the Ayabaca province of the Piura region (northern Peru, in the western Andean range). The study site consisted of wet montane forest (bh-M, Holdridge classification 1967), which is classified as either tropical upper montane rainforest (Grubb et al. 1963) or an upper montane forest (Whitmore 1998) . The UTM area coordinates 643230 to 643740 W and 9493300 to 9490499 S, in the 17S zone (Datum WGS84) (Figure 1 ).
Figure 1 Map of the study area
The study area is characterised by irregular surfaces and steep slopes. Altitudes range from 2,359 mASL to 3,012 mASL. The average slope is 29% but in many cases, the slope is greater than 90%. The primary part of the study area faces south-west, with two roads delimiting the upper and lower limits. The total size of the study area was 171 ha. The climate is considered cold temperate, with a dry winter, according to the Köppen classification (1931) . The mean temperature is 15 °C (range 8.5-18°C). The relative humidity value is 100% during the rainy season (November-May) and 75-80% in the dry season. The persistence of fog is slightly above half a day in the dry season and higher in the rainy season, where the clouds can cover the forest for extended periods. The mean precipitation is 1750-2000 mm/year. However, this figure increases notably during the El Niño Southern Oscillation (ENSO) years (Romero et al. 2007 ). The soil is podzol-like, completely covered with decayed leaves (Figure 2 ). There is a notable presence of cryptogams, forming a distinctive element in cloud forest (Foster 2001; Hamilton 1995) , with moss often covering 100% of the trunk (Figure 2 ). There is a high level of endemism and several taxa occur on the IUCN red list Version 2010.4 (Appendix 1).
The study area was divided into four areas, which corresponded to altitudinal ranges. Elevation is strongly correlated with community composition and diversity in tropical montane forest (Munishi et al. 2007 ) with biodiversity in Andean forests often inversely proportional to elevation, reaching the maximum peaks of forest diversity between 500 and 2,000 m a.s.l. (Gentry 1988) . The first forest area (stratum I) corresponded to the upper zone; the second (stratum II) was situated in the mid-zone and the third (stratum III) was located in the lower zone. The degraded area was not included in this study; it was separated by the low degree of naturalness (Figure 1) . A random sampling, without replication, was carried out in each stratum. Forty-two random square plots (20 × 20 m) were established throughout the three strata, where the number of plots in each stratum was proportional to the area of the stratum (12 plots in stratum I, 14 plots in stratum II and 16 plots in stratum III). The forest inventory was carried out between January and May of 2006. The total size of the study area, once the degraded area had been excluded, was 130.9 ha. The total monitoring area was 1.68 ha; comprising 1.3% of the study area.
Measurements and data analysis
The analysis focused on three core variables for biodiversity assessment: (i) composition, (ii) structure and (iii) dead wood. Woody plant species composition was analysed to calculate diversity and ecosystem variation in each field stratum and then between strata to calculate diversity in order to detect habitat difference among zones within the forest. An inventory of plant taxa is in Table 1 .
The diversity levels in each stratum were compared with Rènyi's diversity curves (1970). Whittaker's (1960) and Routledge's (1977) indexes were calculated as a measure of ecosystem variability within each field stratum while Sørenson indexes (1957) were calculated to analyse the similarity between strata (Table 1) .
Structure was calculated as: (a) Horizontal structure which consisted of different successional stages and included the number of trees per ha, basal area, quadratic average diameter and standard deviation of tree diameter at breast height based on the following diameter classes: DBH ≤ 2.5 cm; 2.5 < Figure 2 Pictures of the studied forest: moss in the forest (above left); epiphytes covering a trunk (above right); soil covered by organic material (below left) and general view of the interior of the forest (below right) DBH ≤ 7.5 cm; DBH > 7.5 cm, and (b) Vertical structure which assessed the number of layers in the forest stand and dominant height, estimated as the mean height of the 100 tallest trees per ha, the Shannon-Wiener index applied to vertical structure, H' (Shannon -Wiener 1949) and the modified Shannon-Wiener index including species composition, H e (Meyer 1999) . The ShannonWiener indexes were calculated for the proportion of trees in different stand layers--layer 1: 100 -80% of maximal tree height (h max ), layer 2: 80 -50% of h max , layer 3: 50 -0% of h max. , n ij = number of trees of species i in height layer j, N= total number of trees in the stand, S = number of different tree species and B = number of height layers (B = 3).
The assessment of the dead wood component consisted of (a) number of dead standing trees (b) dead downed trees (c) downed coarse wood pieces (branches with diameter ≥ 5 cm) (d) downed fine wood pieces (small branches with diameter < 5 cm) and (e) stumps.
Decay levels of wood decomposition stages (from 1 to 7; with 7 representing the highest decomposition degree) were assessed according to Keller et al. (2004) . For each decay level, the number and volume of each component was calculated per hectare. Clifford and Stephenson (1975) ; mod. by Margalef (1998) Simpson (1949) mod. by Magurran (1988) Berger and Parker (1970) Strata comparison Diversity ordering
Quantitative Sørenson index S: number of tree species; N: number of trees; ni: number of i trees in each specie; Nmax : number of j species tree, where j is the species with the greatest number of tress; pi = ni/N (Maximum likelihood estimator); H' is the Shannon -Wiener index (1949) ; Hmax = ln S; α: mean number of species in the plot; r: number of species with overlap distribution; k: number of species common to all the strata included in the analysis; a: number of species in the first strata; b: number of species in the second strata; aN : number of trees in the first strata; bN: number of trees in the second strata; kN: number of trees in the strata of species common to all the strata.
Results
Composition
The primary woody plant genera found in this study in the upper tree canopy included: Citronella spp., Clusia spp., Delostoma spp., Meliosma spp., Morus spp., Oreopanax spp., Persea spp., Ruagea spp. and Weinnmania spp. The lower canopy included Cestrum spp., Eugenia spp., Miconia spp., Myrcianthes spp., Oreocallis spp., Palicourea spp., Parathesis spp., Piper spp. and Solanum spp. (Table 2 ). Lower canopy shrubs included: Baccaris spp., Fucsia spp., Piper spp., Solanum spp. and Vervesina spp., and the Papilonaceae, Amarillidaceae and Chlorantaceae families. The genus Chusquea (Poaceae) was particularly prominent in the grass layer. Although only woody plants were monitored, ferns, lianas and epiphytes, typical of cloud forests, were also common in the studied forest (Figure 2) . A significant presence of the Orchidaceae family should also be mentioned, represented by a wide variety of genera such as: Epidendrum, Lepanthes, Oncidium and Pleurosthallis (Hildgert de Benavides 2002). The great abundance of Bromeliaceae and Orchidaceae indicates areas of atmospheric air quality (Foster 2001) . A detailed woody plant species list is provided in Appendix 1. In the ecotone or gap zones of the forest, species such as Oreocallis grandiflora (Lam.) R. Br. or Solanum oblongifolium Dunal can be found. These are light-demanding, frugal species and the presence of which, may be interpreted as an indication of ecosystem degradation in this forest. They can colonize new gaps in the forest and hinder the establishment of other forest vegetation (Gentry 1982) . Table 3 shows α diversity indices calculated as an average of plot values in each stratum, and their standard deviation. Strata I and II had higher species diversity values. Stratum I displayed higher species heterogeneity than stratum II, which can be observed in the standard deviation. There are two factors which lead to greater diversity in this stratum: firstly, it marks the upper limit of the forest, where a number of ecotone species appear and secondly, it contains some deep, inaccessible areas where rare species are present. The diversity indices reached higher values in this stratum due to the presence of upper ecotone species (Table 3) . Stratum III, located in the lower zone, showed lower diversity values, and contained the least number of species and the greatest dominance, as can be clearly seen from the Rènyi curves ( Figure  3 ). The curves for strata I and II crossed over, so they were not comparable. Stratum III differed the most due to alteration by human activities and therefore the strata comparison values were higher for II vs III and III vs I (Table 3) .
Structure
(a) Horizontal structure: The stand exhibited a J-shape distribution as was expected since it is an uneven-aged stand. The number of stems per hectare (d ≥ 7.5 cm) was lower in Stratum III. In the two upper strata, values were quite similar. Basal area exhibited the same behaviour, decreasing in the lower stratum (Table 4) .
(b) Vertical structure: In strata I and II, the dominant height was slightly above 10 m., but in stratum III, the value was 18 m. The Shannon index applied to the vertical structure returned a low value, indicating a vertical structure of little significance, probably because only 2 recognisable vertical layers were present (Table 4) . The values obtained were very high, however, where different species were considered when applying the index to the vertical structure (Table 4 ). The second stratum displayed the greatest heterogeneity in the vertical structure.
Dead wood
Abundant dead wood in an advanced state of decay was found in the forest (Figure 4) . The quantity of coarse and fine woody pieces was smaller in stratum I (Table 5 ). The number of trees was also lower. The volume of dead wood was notable throughout the forest (Table 5) in spite of the fact that local people sometimes extract firewood.
Discussion
In order to gain a clear understanding of the forest and thus develop adequate strategies for sustainable management, it is necessary to assess the biodiversity (Pommerening 2006) . This paper provides ample information with respect to tropical montane cloud forest in the Andean area.
Composition
Different compositions exist from one zone to another. In general, this is due to factors such as the demands of different species for light or shade or other environmental factors (Clark and Clark 1992) . Human disturbances also play an important role (Aubad et al. 2008) .
Although Lauraceae family are either a dominant or co-domintant family in many relatively well preserved cloud forests around the world: in China (Lü et al 2010, Shi and Zhu 2009) , Philipines (Penafiel 1994) , Meso-america (Nadkarni et al. 1995) , Ecuador (Sarmiento 1993) and Malasia (Kitayama 1994) . In the studied forest, Lauraceae is not the dominant family, other families such as Sabiaceae being more abundant. Meliosma (Sabiaceae) is an emblematic genus in Andean cloud forest (Gentry 1992) .
Regarding the α-diversity values obtained, the inner zone of the forest displays the highest biodiversity value and the lowest standard deviation (Table 3 ). The increased elevation (from stratum II to I), causes a decrease in diversity values, as was expected. However in the lower zone (stratum III) biodiversity values are significantly lower. In this stratum there is a passable track which brings increased human pressure and disturbance. Hence, the biodiversity values increase with altitude (from stratum III to II), whereas the observed pattern in tropical mountains is the opposite, decreasing with altitude (Gentry 1995) . The areas with the greatest levels of diversity in Andean forests are found between 500-2,000 m (Gentry 1988) , which would correspond to stratum I at our study site. In the studied forest, the proximity of human activity has had a greater effect on biodiversity than environmental and gradient factors, once again revealing the fragility of the cloud forest ecosystem. In a study conducted in an Amazonian Peruvian hillside forest, the highest value recorded was 156 species/ha (GomezPeralta et al. 2008) , which is higher than the values recorded in the present study (~80 species/ha, Table 3 ). However, in other studies undertaken in Amazonian hillside forests, the biodiversity values recorded are similar to those reported in this study (120 species in a montane forest, La Torre-Cuadros et al. 2007 ). Colombian Amazonian montane forest was considered the most important in the world in terms of biodiversity (Gentry 1982) although the richness value recorded in Colombia was 72.3 species/ha ±18 (Aubad et al. 2008) , which is only a little higher than the value recorded in our study. The species richness values are slightly lower in meso-american forests (114 species in the forest, Nadkarni et al. 1995) , which may be due to lower precipitation rates, greater distance from the equator and the absence of Amazonian influence.
Structure
The forest displays an uneven-aged stand structure, with a wide mix of ages within the forest (Table 4) . Similar densities (~5,500 trees/ha) and diameter distributions (J-shape) have been identified in other studies of cloud forests, such as that undertaken at Monteverde, Costa Rica (Nadkarni et al. 1995) . In some cloud forests, the basal area values recorded are higher than those found in our analysis (we have recorded ~40m 2 /ha (Table 4) In the studied forest, almost 70% of trees have a DBH of less than 7.5 cm ( Table 4 ). The fact that these trees exist in large numbers constitutes an important element in the ecosystem because, in spite of their small DBH, many of them form a broad leaved cover a few meters above the ground and reduce the amount of light reaching the soil (Montgomery 2004) . Stratum III, which has undergone the greatest modification in recent times, presents the greatest recruitment. It should be emphasized that the recruitment is partly composed of secondary forest species whereas the dominant older trees tend to be potential Andean montane forest species. This situation highlights Furthermore, due to the frequency of cloud contact (Bruijnzeel and Veneklaas 1998) , the stature of the vegetation in cloud forests is reduced (Foster 2001; Hamilton et al. 1994; Stadmuller 1987) , ranging from 5 -10 m in the tropical montane cloud forest in Yunnan (Shi and Zhu 2009), to 15 m (GomezPeralta et al. 2008) in central Peru. However, these observations conflict with those reported in Costa Rica (Oosterhoorn and Kappelle 2000) where heights of 30-50 m were recorded.
The Shannon index applied to the vertical structure returns a low value (~0.45), indicating a vertical structure of little significance, probably because only 2 recognisable vertical layer are present (Table 4 ). The Shannon index involves the height being divided into arbitrary classes in order to calculate proportions; the number of classes used alters the maximum value of the index. This index is also sensitive to tree size and a change in the number of defined classes would invariably change the value of the index (Staudhammer and LeMay 2001) . The values obtained are very high, however, where different species are considered when applying the index to the vertical structure (Table 4 ). The second stratum displays the greatest heterogeneity in the vertical structure.
Dead wood
Decaying wood is an important element in functional biodiversity (Ferris and Humphrey 1999) and in the case of cloud forests; it appears to play an essential role in the ecosystem. In Hawaiian montane forests, fallen logs provide the most common germination sites for woody species; between 50 and 70% of natural regeneration occurs on decaying logs in these forests (Goldman et al. 2008) . These logs also create a diversity of microhabitats for a wide variety of organisms (Wilcke 2005) . Hence, decaying wood has been shown to be critical for the regeneration and structure of cloud forests (Santiago 2000) .
There is a large volume of woody debris in the forest (~300 dead standing trees/ha, ~40 m 3 /ha), much of it in an advanced state of decay (Table 5) . This probably indicates, as reported in previous research (Bruijnzeel and Veneklaas 1998) , that the speed of recycling is lower than in other ecosystems and that dead wood may remain undecomposed on the forest floor over a long period of time due to the absence of decay bacteria (Santiago 2000) caused by wet soils at lower temperatures in the cloud forest.
The obtained decayed wood values in this study (regarding volume and decay status, Table 5 ) are similar to those reported for some cloud forests (up to 23 t/ha in Equador, Wilcke et al. 2005 ) but lower than in others (Hawai-237.5 m 3 /ha, Santiago 2000) . The volume of decayed wood in the study area is lower than the volume found in tropical dry forests (35.68 m 3 ; Grove 2001). However, the ratio of the number of living trees to the amount of coarse woody debris is similar for both types of forest.
Final remarks and conclusions
In this study, the widely held view of tropical montane cloud forests as true enclave of biodiversity (hotspot) has been confirmed. The real value of cloud forests lies in their functionality and biodiversity (Wilcke et al. 2005 ). Water catchment is essential to the local agricultural activity. In the Andean range, these forests also serve to avoid erosion and landslides, which currently pose a serious threat to local people. Because cloud forests are fragile ecosystems, the effects of deforestation and other damaging activities are irreversible (Hamilton 1995) . Therefore, adequate management and monitoring is essential to preserve cloud forest ecosystems in their present form.
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